
AD-A131 288 LASER CHEMICAL ETCHING OF VIAS IN GAASIU) AEROSPACE 1/1
CORP EL SEGUNDO CA ELECTRONICS RESEARCH LAB
A W TUCKER ET AL 15 UN 83 TR-0083(3925-0l)-2

UNCLASSIFIED SO-TR-83-38 F040 182-C 0083 FIG 20/5 N

END



* 111112.--2
_L2

11111= I 11111 "---6

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF SIANDARDSI 93-A



REPORT SD-TR-83-38

Laser Chemical Etching
b of Vias in GaAs

A. W. TUCKER and M. BIRNBAUM
Electronics Research Laboratory

Laboratory Operations
The Aerospace Corporation

El Segundo, Calif. 90245

15 June 1983

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED

AUG 1'*'

Prepared for
SPACE DIVISION

AIR FORCE SYSTEMS COMMAND
Los Angeles Air Force Station

P.O. Box 92960, Worldway Postal Center
Los Angeles, Calif. 90009

83 08 08 002



This report was submitted by The Aerospace Corporation, El Segundo, CA

90245, under Contract No. F04701-82-C-0083 with the Space Division, Deputy for

Technology, P.O. Box 92960, Worldway Postal Center, Los Angeles, CA 90009. It

was reviewed and approved for The Aerospace Corporation by D. H. Phillips,

Director, Electronics Research Laboratory. Lt. Russell R. Herndon, Det 1,

AFSTC, was the project officer for the Mission-Oriented Investigation and

Experimentation (MOIE) Program.

This report has been reviewed by the Public Affairs Office (PAS) and is

releasable to the National Technical Information Service (NTIS). At NTIS, it

will be available to the general public, including foreign nationals.

This technical report has been reviewed and is approved for publica-

tion. Publicatic of this report does not constitute Air Force approval of

the report's findings or conclusions. It is published for the exchange and

stimulation of ideas.

Russell R. Herndon, 2nd Lt, USAF Norman W. Lee, Jr., Colonel, USAF
Project Officer Commander, Det 1, AFSTC



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (1WS., Dle Enterlod)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
BEFORE COMPLETING FORM

1. RPORT NUMBER2. GOVT ACCESSION NO. . RECIPIENT'S CATALOG NUMBER

SD-TR-83-38 T1- /--4 / -' / f'

4. TITLE (and Subtitio) S. TYPE OF REPORT 6 PERIOD COVERED

Laser Chemical Etching of Vias in GaAs

C. PERFORMING ORG. REPORT NUMBER
TR-0083(3925-01)-2

7. AUTHOR(*) S. CONTRACT OR GRANT NUMBER(s)

Armin W. Tucker and
Milton Birnbaum F04701-82-C-0083

S. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK

The Aerospace Corporation AREA a WORK UNIT NUMBERS

El Segundo, Calif. 90245

"1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Space Division 15 June 1983
Los Angeles Air Force Station 1s. NUMBER OF PAGES

Los Angeles, Calif. 90009 15
14. MONITORING AGENCY NAME & ADDRESS(1f different Iom Controlling Office) IS. SECURITY CLASS. (of this report)

Unclassified

ISa. DECL ASSIFICATION/DOWN GRADING
SCHEDULE

I6. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

10. SUPPLEMENTARY NOTES

1i. KEY WORDS (Continue o C 'etree side If necessay and identify by block nhmabor)
/. I

GaAs
Laser
Vias /

ASTRACT (Continue an reveee side it necessary and IdentifI by block nmber)

Rapid drilling of vias in thick wafers (381 pm) of GaAs has been achieved
by a laser assisted etching process. The technique utilized a CW visible
argon ion laser and an etchant gas of low pressure C12 . Data on L~e
dependence of the etch rate on the laser power, wavelength and C12 gas
pressure are presented.

Do FORN 1473IrACSU ILE)

SECURITY CLASSIFICATION OF THIS PAGE (WMen Dos Entered)



PREFACE

The authors thank Drs. John lurrell and Roger Newman for their support

and valuable discussions.

P 

I.



CONTENTS

PREFA CE...... .... ........

I NTRODUCTION. -. . .. ... o .. * oooo ... *o ... o ......... ** ** . o-o 7

EXPERIMENTAL ARRANGEMENT. .... o** .......*. o .. o.* ..... *o.o ... *o.o 9

RESULTS. ... . . . .. . ... ooo . o .. . .. .*~~o~ ... *~ .. * ..* 13

REFERENCES .. . . . ....... . .o. ... ... .. ..... oo. . . .... . ... 21



FIGURES

1. Block diagram of experimental arrangement .................. 10

2. GaAs etch rate vs laser intensity for cell fills
of I and 5 Torr Cl 2 "' ..................................... ....... 14

3. GaAs etch rate vs laser intensity for cell fill
of 5TorrCl2 for single line 488.0, 514.5, 476.5 n

and ultiline argon ion (Ar+) laser irradiation ......... 0.............15

4. GaAs etch time and via hole dimensions vs
multiline Ar+ laser irradiation ...... .. *.. ....... .. .... ... .. ....... 17

5. (a) Entrance hole diameter. (b) Exit hole diameter
2.5 W at 514.5 m in th 5 Torr C1 2 ......... ... .... .... . . . . .  18

5

-;Maln im w



Introduction

We report the rapid drilling of vias in thick wafers of GaAs by means of

a laser assisted chemical etching technique which utilizes a visible CW argon

ion laser and a gas-phase etchant (C12) at low pressure. The controlled

etching of elemental and compound semiconductors is important in fabricating

many microelectronic structures including integrated optical elements and

microwave devices1 3. The most recent publication' describes a process for

GaAs via hole drilling which maintains the wafer in an aqueous solution during

the laser irradiation. Only thin wafers (- 5 mils) were drilled through but

at a rate of 30 m/min which is less than 1/50 that achieved with our

process. A process utilizing CH3Br or CF31 for photochemical etching of GaAs

and InP is described in ref. 2. However, ultraviolet light was required and

was obtained by doubling the argon ion 514.5 nm output to produce a 4 =W beam

at 257.2 tn. With such low UV intensities, the GaAs etch rate observed was

about 10- 3 Pm/s or about 10- 4 of the rate achieved with our method. Our

results demonstrate high etch rates with 514.5 rm laser output thus

circumventing the difficulties encountered in the prior work.
1 ,2
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Experimental Arrangement

The experimental arrangement is shown in Fig. 1. The reaction chamber

was a 1.2 cm path length stainless steel gas cell with the GaAs wafer mounted

0.28 cm from the fused silica entrance window. An argon ion laser provided

the energy required to photolyze the C12 gas and to heat a reaction zone on

the sample. The Pockel's cell and glan polarizer control the laser outputL
power without varying the current through the laser tube. Thus, the focal

spot diameter was constant, independent of the beam intensity. In order to

obtain a focal beam diameter of 13 Um (l/e2 intensity points), the laser

beam was first expanded by 3x and then focused onto the wafer with a 2.5 cm

focal length glass lens.

Accurate focusing was essential to optimize the etching rate. A simple

and reproducible method consisted in drilling a small via hole and then

adjusting the focal position for maximum light transmission through the via

hole.

Prior to mounting the wafers in the cell, the wafers were cleaned in an

ultrasonic shaker with successive three minute baths of trichloroethylene,

acetone, and isopropyl alcohol. The GaAs wafers were then stripped of oxide

using a 1:1 solution of HCl in deionized water for 30 seconds followed by a 3

minute rinse in running deionized water. After drying the wafer with N2 gas,

it was immediately mounted in the cell which was evacuated to 10- 6 Torr, and

remained on the pumped vacuum station for 12 hours before introduction of 1-5

Torr of C12 . Not shown on Fig. 1 is the ballast tube connected to the cell

9
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which provided an adequate supply of Cl2 at a constant pressure. Pressures of

Cl2 of 10 Torr and higher produced a noticeable etching even in the absence of

the laser beam.

The focused laser beam heats the GaAs surface and dissociates the C12 gas

in the immediate neighborhood of the focal spot for a rapid reaction of the Cl

atoms with the GaAs. The final reaction products AsC1 3 (m.p. -18C) and GaC 3

(m.p. 780C) are vaporized under the experimental conditions leaving

essentially no residue on the sample. However, in many cases, a barely

noticeable oily film (probably AsCl3) was observed on the inside of the

entrance cell window in the path of the laser beam. The presence of this film

greatly increased the etching time and much care and effort was expended in

eliminating this film. Experiments were carried out to assess the maximum

number of vias that could be drilled at constant power without reduction in

the etching rate. The window was cleaned after two or three via holes were

drilled.
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Results

The etching rate as a function of laser power is shown in Fig. 2 for 1

Torr and 5 Torr fills of the cell. A significant feature of the datn is the

saturation of the etch rate at about 2.7 W. This can be readily understood by

noting that the parameter most effective in controlling the reaction rate is

the surface temperature of GaAs which remains fixed once the melting temper-

ature (1237C) is reached. The rates of the etching process were similar to

those described in ref. 2 which implies an Arrhenius type behavior with a

characteristic activation energy.

In Fig. 3, data on the wavelength dependence of the etch rate (E) is

shown. The saturation of the etch rate at the higher power levels is again

evident. The ratio of the maximum etch rates E4 88 /E5 14 is 1.4 at the melting

temperature of GaAs. These wavelength dependent rate differences are less

than those reported in experiments on laser assisted chemical etching of Si

with Cl2.
3  In ref. 3, rate differences of 20 to I over the wavelength range

of 457.9 to 514.5 a was reported, which was attributed to the wavelength

dependence of the Cl2 absorption in the dissociative continuum. Experiments

are in progress to determine the absorption coefficients of Cl2 at 488.0 and

514.5 =m in the 1 to 5 Torr pressure range.

The etch rates shown in Figs. 2 and 3 were determined by measuring the

time taken to etch through the 15 mil (381 Um) waf er. Two photo diodes and

a chart recorder (Fig. 1) were used to determine the etch rate. When the

sample was exposed to the laser beam, the reflectivity of the wafer decreased

and indicated the start time of the etching. A second diode placed in back of

the wafer detected light exiting from the via hole the instant the hole was

etched through. The time interval between start and finish was determined

13
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from the two signals on the chart recorder and provided the etch rates plotted

in Figs. 2 and 3. The highest etch rates (33 pm/sec) were obtained ac a

cell fill of 5 Torr and 3.3 W at 488 onm producing a via hole in 15 mil GaAs in

about 12 sec.

Data on the multiline etching rates and via hole dimensions are shown in

Fig. 4. Width and height dimensions are shown for both the entrance and exit

holes and are indicative that the holes are irregular in shape. At the slow-

est etching rates, the exit and entrance hole diameters of about 20 Pm and

70 pm, respectively, are observed implying an aspect ratio of about 3.5.

Typical via holes at 2.5 w at 5 Torr C12 fill are shown in Figures 5a and

5b. Observations of the crater diameters (melt zones) on the GaAs wafer with

a fill of 3 atm, of He were in rough agreement with the observed hole

diameters.
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Conclusions

Our results show that the gas phase laser assisted etching process can

provide a rapid and convenient technique for drilling vias in thick GaAs

wafers. It appears likely that this method will also be useful in fabricating

gratings and other Mm size structures required in microelectronic

applications.
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